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APPARATUS AND METHOD FOR HEART VALVE REPAIR

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of the filing

date of United States Provisional Patent Application

No. 61/590,557 filed January 25, 2012, the disclosure of which

is hereby incorporated by reference herein.

BACKGROUND OF THE INVENTION

[0002] The present invention is related to heart valve

repair, and more particularly to devices, systems, and methods

for transcatheter repair of a heart valve leaflet.

[0003] Properly functioning heart valves can maintain

unidirectional blood flow in the circulatory system by opening

and closing, depending on the difference in pressure on each

side of the valve. The two atrioventricular valves (mitral

and tricuspid valves) are multicusped valves that prevent

backflow from the ventricles into the atria during systole.

They are anchored to the wall of the ventricle by chordae

tendineae, which prevent the valve from inverting.

[0004] The mitral valve is located at the gate of the left

ventricle and is made up of two leaflets and a diaphanous

incomplete ring around the valve, known as the mitral valve

annulus . When the valve opens, blood flows into the left

ventricle. After the left ventricle fills with blood and

contracts, the two leaflets of the mitral valve are pushed

upwards and close, preventing blood from flowing back into the

left atrium and the lungs .

[0005] Mitral valve prolapse is a type of myxomatous valve

disease in which the abnormal mitral valve leaflets prolapse

(i.e., a portion of the affected leaflet may be billowed,

loose, and floppy) . Furthermore, the chordae tendineae may

stretch and thus become too long, or the chordae tendineae may

be broken. As a result, the valve does not close normally,

and the unsupported valve leaflet may bulge back, or



"prolapse," into the left atrium like a parachute. Thus, as

the ventricle contracts, the abnormal leaflet may be propelled

backwards, beyond its normal closure line into the left

atrium, thereby allowing blood to flow back into the left

atrium and the lungs .

[0006] Mitral valve prolapse causes mitral regurgitation.

Isolated posterior leaflet prolapse of the human heart mitral

valve, i.e. prolapse of a single leaflet, is the most common

cause of mitral regurgitation. The exact cause of the

prolapse is not clear. Untreated mitral regurgitation may

lead to congestive heart failure and pulmonary hypertension.

[0007] Despite the various improvements that have been made

to devices and methods for mitral valve leaflet repair, there

remain some shortcomings. For example, conventional methods

of treating mitral valve prolapse include replacement of the

mitral valve, clipping the two mitral valve leaflets to one

another, and resection of the prolapsed segment using open

heart surgery. Such surgical methods may be invasive to the

patient and may require an extended recovery period.

[0008] There therefore is a need for further improvements

to the current techniques for treating heart valve leaflet

prolapse. Among other advantages, the present invention may

address one or more of these needs.

BRIEF SUMMARY OF THE INVENTION

[0009] Devices and methods for gathering of heart valve

leaflet tissue are disclosed. A device for gathering tissue

of a heart valve leaflet may include an outer tube extending

in an elongation direction, a capture tool moveable in the

outer tube between a contained position and a use position,

and a tissue securing component disposed at a distal end of

the outer tube and adapted to be applied to captured heart

valve leaflet tissue to hold the captured tissue in a gathered

configuration. The capture tool may include a first element

and a second element that are moveable relative to one another



in the elongation direction. The first and second elements

may be operable to capture tissue therebetween and to draw the

captured tissue into the outer tube in the gathered

configuration .

[0010] The first element may include a containment tube

having a proximal portion and a distal portion. The

containment tube may be moveable between a containment tube

retracted position in which the distal portion of the

containment tube lies within the outer tube, and a containment

tube deployed position in which the proximal portion of the

containment tube extends substantially in a linear direction

and the distal portion of the containment tube lies outside of

the outer tube and extends at an angle to the linear

direction. The second element may include a grasping wire

having a proximal portion and a distal portion. The grasping

wire may be moveable between a grasping wire retracted

position in which the distal portion of the grasping wire lies

within the containment tube, and a grasping wire deployed

position in which the proximal portion of the grasping wire

extends substantially in the linear direction and the distal

portion of the grasping wire lies outside of the containment

tube and extends at an angle to the linear direction.

[0011] The distal portion of the grasping wire may have a

substantially linear shape in the grasping wire retracted

position. The containment tube may have a bend when in the

containment tube deployed position and an aperture located at

the bend. The distal portion of the grasping wire may be

configured to extend through the aperture when in the grasping

wire deployed position. The containment tube may have a bend

when in the containment tube deployed position and a slot

extending proximally from the bend. The distal portion of the

grasping wire may be configured to extend through the slot

when in the grasping wire deployed position. The distal

portion of at least one of the grasping wire and the



containment tube may have a surface that is knurled or

roughened .

[0012] The device may also include an adhesive delivery

tube configured to deliver an adhesive to the heart valve

leaflet. The tissue securing component may be a suture having

a looped portion at one end thereof. The looped portion of

the suture may include a locking knot configured to slide

along the suture in only one direction. The tissue securing

component may be a clip. The clip may be assembled in an

expanded condition around the outer tube and may be biased to

contract to a clamping condition when deployed from the outer

tube .

[0013] Another device for gathering tissue of a heart valve

leaflet may include an outer tube extending in an elongation

direction, a capture tool moveable in the outer tube between a

contained position and a use position, and a tissue securing

component disposed at a distal end of the outer tube and

adapted to be applied to captured heart valve leaflet tissue

to hold the captured tissue in a gathered configuration. The

capture tool may include a needle element and a securing

element. The needle element may be operable to penetrate

tissue of the heart valve leaflet. The securing element may

have a proximal surface adapted to capture tissue. The

capture tool may be operable to draw the captured tissue into

the outer tube in the gathered configuration.

[0014] The securing element may include a resorbable anchor

and a suture extending from the proximal surface through the

needle element. The securing element may include a barb on a

distal portion of the needle element. The securing element

may include an expandable element and an actuation member

extending from a distal tip of the expandable element through

the needle element. The expandable element may have a

retracted position within the needle and a deployed position

outside of the needle. The expandable element may have a



substantially linear configuration with a first width in the

retracted position and an expanded configuration with a second

width in the deployed position. The second width may be

greater than the first width.

[0015] The expandable element may be a balloon that is

configured to be moved from the retracted position to the

deployed position by moving the actuation member distally and

inflating the balloon. The expandable element may be

configured to expand from the first width to the second width

by moving the actuation member proximally. The expandable

element may be a wire basket. The expandable element may be a

polypropylene frame. The tissue securing component may be a

suture having a looped portion at one end thereof. The looped

portion of the suture may include a locking knot configured to

slide along the suture in only one direction. The tissue

securing component may be a clip. The clip may be assembled

in an expanded condition around the outer tube and may be

biased to contract to a clamping condition when deployed from

the outer tube .

[0016] Yet another device for gathering tissue of a heart

valve leaflet may include an outer tube extending in an

elongation direction, a capture tool including a grasping wire

moveable relative to the outer tube in the elongation

direction, and a tissue securing component disposed at a

distal end of the outer tube and adapted to be applied to

captured heart valve leaflet tissue to hold the captured

tissue in a gathered configuration. The grasping wire may

have a distal portion and proximal portion extending

substantially in a linear direction and located outside of the

outer tube. The grasping wire may be moveable between a

grasping wire retracted position and a grasping wire deployed

position in which the distal portion of the grasping wire lies

outside of the outer tube and has a hook shape. The grasping



wire may be operable to capture and draw tissue into the outer

tube in the gathered configuration.

[0017] When the grasping wire is in the grasping wire

retracted position, the distal portion of the grasping wire

may lie within a containment tube operatively connected to the

outer tube. When the grasping wire is in the grasping wire

deployed position, the distal portion of the grasping wire may

lie outside of the containment tube. When the grasping wire

is in the grasping wire deployed position, the distal portion

of the grasping may have a curved portion adjacent the

proximal portion and a straight portion that extends in a

proximal direction substantially parallel to the linear

direction from the curved portion to a distal free end of the

grasping wire. The straight portion may have a length of

about 10 mm to about 15 mm between the curved portion and the

distal free end of the grasping wire. A distal free end of

the grasping wire may have an atraumatic tip. The tissue

securing component may be a suture having a looped portion at

one end thereof. The tissue securing component may be a clip.

[0018] A transcatheter method of gathering tissue of a

heart valve leaflet may include inserting an elongated

catheter assembly to a position adjacent the heart valve

leaflet. The catheter assembly may include an outer tube

extending in an elongation direction and a capture tool

moveable in the outer tube between a contained position and a

use position. The method may also include moving the capture

tool from the contained position to the use position,

manipulating the catheter assembly so that tissue of the heart

valve leaflet is captured by the capture tool, retracting the

capture tool from the use position toward the contained

position to draw the captured tissue into the outer tube in a

gathered configuration, and securing the captured tissue to

hold the captured tissue substantially in the gathered

configuration .



[0019] The capture tool may include a containment tube and

a grasping wire slxdably disposed within the containment tube.

The grasping wire may have a proximal portion that extends

substantially in a linear direction and a distal portion. The

method may also include sliding the distal portion of the

grasping wire out from the containment tube so that the distal

portion of the grasping wire extends at an angle to the linear

direction. The manipulating step may include clamping the

tissue between the grasping wire and the containment tube.

The manipulating step may include partially retracting a

distal portion of the grasping wire so that it contacts the

tissue. The method may also include applying an adhesive to a

surface of the tissue through the outer tube.

[0020] The capture tool may include a needle element and a

securing element. The method may also include penetrating

tissue of the heart valve leaflet with the capture tool and

engaging a surface of the heart valve leaflet with a proximal

surface of the securing element during the retracting step.

The securing element may include an expandable element and an

actuation member extending from a distal tip of the expandable

element through the needle element. The engaging step may

include expanding the expandable element from a substantially

linear configuration with a first width to an expanded

configuration with a second width. The second width may be

greater than the first width.

[0021] The expandable element may be a balloon. The

expanding step may include moving the actuation member

distally and inflating the balloon. The expandable element

may be a wire basket or a polypropylene frame. The expanding

step may include moving the actuation member proximally. The

tissue securing component may be a suture having a looped

portion at one end thereof. The looped portion may include a

locking knot. The securing step may include sliding the

locking knot along the suture to tighten the looped portion



around the captured tissue. The tissue securing component may

be a clip assembled in an expanded condition around the outer

tube and biased to contact to a clamping condition. The

securing step may include deploying the clip from the outer

tube, whereupon the clip contracts to the clamping condition

around the captured tissue.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Various embodiments of the present invention will

now be discussed with reference to the appended drawings. It

is appreciated that these drawings depict only some

embodiments of the invention and are therefore not to be

considered limiting of its scope.

[0023] FIG. 1 is a diagrammatic perspective view of the

posterior leaflet of a mitral valve;

[0024] FIG. 2 is a diagrammatic side view of the distal

portion of one embodiment of a device for transcatheter

gathering of heart valve leaflet tissue, engaged with the

posterior leaflet of the mitral valve of FIG. 1 ;

[0025] FIG. 3 is a longitudinal cross-sectional view of the

outer tube and tissue securing component of the device of

FIG. 2 ;

[0026] FIGS. 4A and 4B are a diagrammatic side view and a

front view of the distal portion of another embodiment of a

device for transcatheter gathering of heart valve leaflet

tissue ;

[0027] FIGS. 5A and 5B are a diagrammatic side view and an

enlarged side view of the distal portion of yet another

embodiment of a device for transcatheter gathering of heart

valve leaflet tissue;

[0028] FIG. 5C is a diagrammatic side view of the distal

portion of a variant of the device of FIG. 5A including a

capture tool having an inflatable balloon tab;



[0029] FIG. 5D is a diagrammatic side view of the distal

portion of another variant of the device of FIG. 5A including

a capture tool having an expandable metal tab;

[0030] FIG. 5E is a diagrammatic side view of the distal

portion of yet another variant of the device of FIG. 5A

including a capture tool having an expandable plastic tab,

shown with the tab in a collapsed position;

[0031] FIG. 5F is a diagrammatic side view of the distal

portion the device of FIG. 5E, shown with the tab in an

expanded position;

[0032] FIG. 6 is a diagrammatic side view of the distal

portion of still another embodiment of a device for

transcatheter gathering of heart valve leaflet tissue;

[0033] FIG. 7 is a diagrammatic side view of the distal

portion of another embodiment of a device for transcatheter

gathering of heart valve leaflet tissue;

[0034] FIG. 8A is a diagrammatic side cross-sectional view

of the outer tube and tissue securing component of yet another

embodiment of a device for transcatheter gathering of heart

valve leaflet tissue;

[0035] FIG. 8B is a plan view of the clip of FIG. 8A, shown

in an open position;

[0036] FIG. 8C is a perspective view of the clip of

FIG. 8A, shown in a closed position;

[0037] FIG. 9A is a diagrammatic side view of the distal

portion of a hook for acting on heart valve leaflet tissue;

[0038] FIG. 9B is a diagrammatic side cross-sectional view

of the outer tube and tissue securing component of another

embodiment of a device for transcatheter gathering of heart

valve leaflet tissue, shown with the hook of FIG. 9A; and

[0039] FIG. 9C is a top view of the apparatus of FIG. 9B.

DETAILED DESCRIPTION

[0040] As used herein, the terms "proximal" and "distal"

are to be taken as relative to a user (e.g., a surgeon or an



interventional cardiologist) using the disclosed devices.

"Proximal" is to be understood as relatively close to the user

and "distal" is to be understood as relatively farther away

from the user. The invention will be described in connection

with the repair of a mitral valve leaflet, but it may be

useful in the repair of other types of cardiac valves or in

the gathering and clamping of other types of loose body

tissue .

[0041] Referring to FIG. 1 , an exemplary mitral valve 1

includes a posterior leaflet 2 and an anterior leaflet 3 . The

leaflets 2 and 3 extend from an annulus 4 to a coaption line 5

where the leaflets meet. The posterior leaflet 2 has an upper

portion 6 that is generally perpendicular to the direction of

blood flow through the valve 1 and extends between the annulus

4 and the coaption line 5 . Additionally, the posterior

leaflet 2 has a lower portion 7 that is generally parallel to

the direction of blood flow through the valve 1 and extends

below the coaption line 5 . The posterior leaflet 2 also has a

lower surface 9a and an upper surface 9b. The posterior

leaflet 2 has three scalloped portions PI, P2, and P3, any of

which may include a portion that is billowed, loose, or

floppy, and which therefore may be the cause of a prolapse

condition of the valve. The inventive devices, systems, and

methods described herein may be adapted to repair such a

billowed, loose, or floppy portion of the posterior leaflet 2

or the anterior leaflet 3.

[0042] Referring to FIGS. 2 and 3 , an exemplary device 10

for gathering of heart valve leaflet tissue includes an

elongated catheter assembly 12 adapted to be inserted through

the apex of a human heart so that a distal portion 14 of the

catheter assembly may reach the patient's mitral valve 1 for

repair thereof.

[0043] The catheter assembly 12 includes a containment tube

20 disposed within an outer tube 16 and longitudinally



slidable therein between a retracted position 20' within the

outer tube and a deployed position in which a distal portion

21 of the containment tube protrudes distally beyond the open

distal end 17 of the outer tube. The outer tube 16 may be

made of one or more echogenic materials, so that the outer

tube may be more easily visualized inside a patient using

three-dimensional echocardiography .

[0044] The containment tube 20 may have an obtuse-angled

shape when in the retracted position 20' within the outer tube

16, and the distal portion 21 thereof may assume a

substantially right-angled shape when deployed from the outer

tube. In that regard, the containment tube 20 may be formed

from a memory metal or a strong, resilient metal or polymer

that will cause the right-angled shape to form automatically

when deployed. If the inner diameter Dl of the outer tube 16

is greater than the length Ll of the distal portion 21 of the

containment tube 20 , the containment tube may have a right-

angled shape when fully retracted within the outer tube 16, so

that the shape of the containment tube need not change when

the containment tube is deployed from the outer tube. The

distal portion 21 of the containment tube 20 may have an upper

surface 27 that is roughened or knurled to increase the

friction with a captured leaflet portion, such as the captured

portion of the posterior leaflet 2 .

[0045] A capture tool in the form of a grasping wire 22 is

longitudinally slidable within the containment tube 20 between

a retracted position substantially entirely within the lumen

of the containment tube, and a deployed position in which a

distal portion 23 of the grasping wire protrudes from an

aperture 25 located at a bend 26 in the containment tube when

the containment tube is in the deployed position. The

grasping wire 22 may have a substantially linear configuration

when fully retracted within the containment tube 20 and the

distal portion 23 thereof may assume an L-shape when deployed



from the containment tube. In that regard, the grasping

wire 22 may be formed from a memory metal or a strong,

resilient metal or polymer that will cause the L-shape to form

automatically when deployed. The distal portion 23 of the

grasping wire 22 may have a lower surface 28 that is roughened

or knurled to increase the friction with a captured leaflet

portion, such as the captured portion of the posterior

leaflet 2.

[0046] A tissue securing component in the form of a suture

loop 32 may be disposed near the open end of the outer tube

16. The suture loop 32 is formed by a length of suture 30

that extends from the proximal end of the device 10 through a

suture containment tube 36 that extends longitudinally through

the outer tube 16. The suture 30 exits the distal end of the

suture containment tube 36 and is threaded around a rib

assembly 40 extending circumf erentially around and protruding

radially inward from an inner surface 42 of the outer tube 16.

The rib assembly 40 may be a single rib extending completely

around the inner surface 42, or it may include a plurality of

spaced apart ribs distributed circumf erentially around the

inner surface. Each rib of the rib assembly 40 has a support

surface 44 that projects radially inwardly at an acute angle

48 from the inner surface 42, such that a pocket 46 is defined

between the inner surface and the support surface. In any

event, as the suture 30 is threaded around the rib assembly

40, it forms a loop 32 near the distal end 17 of the outer

tube 16. The suture loop 32 is completed by knotting an end

of the suture 30 to an intermediate portion of the suture with

a locking knot 34.

[0047] The locking knot 34 is configured to slide along the

suture 30 in one direction, but not the other. That is, the

locking knot 34 can slide in one direction to tighten or

reduce the size of the suture loop 32 when the free end of the

suture 30 is pulled proximally. However, the locking knot 34



cannot slide in the opposite direction to enlarge the size of

the suture loop 32. Thus, by pulling on the free or proximal

end of the suture 30, the suture loop 32 is configured to move

from an initial position shown in FIG. 3 to a deployed

position in which the suture loop is tightened around a

captured portion 8 of the posterior leaflet 2 . The free or

proximal end of the suture 30 is available for grasping by a

user at a proximal portion of the device 10 (not shown) , where

it extends out from the suture containment tube 36.

[0048] A suture cutting tube 38 may be telescopically

mounted within the suture containment tube 36 for sliding

movement between a retracted position substantially entirely

within the lumen of the suture containment tube, and a

deployed position in which a distal portion of the suture

cutting tube protrudes from the distal end of the suture

containment tube. The suture cutting tube 38 may have a sharp

distal end 39 that is configured to cut through a portion of

the suture 30.

[0049] To use the device 10 to gather heart valve leaflet

tissue, the suture 30 may be threaded through the suture

containment tube 36, and the suture loop 32 may be fitted into

the pocket 46 formed by the rib assembly 40. A slight

proximal tension exerted on the free end of the suture 30 may

hold the suture loop 32 in place in the pocket 46 until the

suture is deployed by the user.

[0050] Next, the distal portion 14 of the catheter assembly

12 may be inserted into a patient, for example, through the

apex of the heart into the left ventricle, so that the distal

portion extends between the posterior leaflet 2 and the

anterior leaflet 3 of the mitral valve 1 . The distal end 17

of the outer tube 16 may be disposed near the coaption line 5

of the mitral valve 1 , with the containment tube 20 and the

grasping wire 22 positioned farthest from the posterior

leaflet 2 . The distal end 17 of the outer tube 16 may be



guided to a position near the coaption line 5 using three-

dimensional echocardiography or another imaging technique to

visualize the outer tube or other components of the catheter

assembly 12.

[0051] Once the outer tube 16 has been properly positioned,

the containment tube 20 may be deployed by sliding the distal

portion 21 thereof beyond the distal end 17 of the outer tube

16. No longer being constrained by the outer tube 16, the

distal portion 21 of the containment tube 20 may assume a

substantially right-angled shape, extending beneath the target

portion of the posterior leaflet 2 to be captured, as shown in

FIG. 2 . For example, the target portion of the posterior

leaflet 2 to be captured may be a loose edge of the leaflet

below the coaption line 5.

[0052] The grasping wire 22 may then be deployed by sliding

the distal portion 23 of the grasping wire out of the aperture

25 of the containment tube 20. No longer being constrained by

the containment tube 20, the distal portion 23 of the grasping

wire 22 may assume generally an L-shape that extends above the

target portion of the posterior leaflet 2 to be captured.

[0053] Subsequently, the user may capture the target

portion of the posterior leaflet 2 by partially retracting the

grasping wire 22 until the target leaflet portion 8 is

sandwiched between the lower surface 28 of the distal portion

23 of the grasping wire and the upper surface 27 of the distal

portion 21 of the containment tube 20.

[0054] Referring now to FIG. 3 , the user may then slide the

containment tube 20 proximally to the retracted position

within the outer tube 16. The proximal movement of the

containment tube 20 retracts both the containment tube and the

grasping wire 22, such that the captured portion 8 of the

posterior leaflet 2 is pulled into the lumen of the outer tube

16 and through the suture loop 32.



[0055] Next, the user may pull the free end of the suture

30 proximally, so that the suture loop 32 will be tightened

around the captured portion 8 of the posterior leaflet 2 . As

the suture 30 is pulled through the locking knot 34, the size

of the suture loop 32 will become smaller, causing the suture

loop to slide radially inwardly along the support surface 44

of the rib assembly 40 until the suture loop leaves the pocket

46 and becomes disengaged from the rib assembly. The free end

of the suture 30 may be pulled proximally until the suture

loop 32 is fully tightened around the captured portion 8 of

the posterior leaflet 2 . Because the suture 30 cannot move in

a reverse direction through the locking knot 34, the suture

loop 32 is held in the tightened position around the captured

portion 8 of the posterior leaflet 2 .

[0056] With the posterior leaflet 2 ensnared by the suture

30, the suture cutting tube 38 may be moved dxstally so that

the distal portion thereof protrudes from the distal end of

the suture containment tube 36. The suture cutting tube 38

may be moved dxstally until the distal end 39 thereof contacts

and cuts through a portion of the suture 30 outside of the

suture loop 32.

[0057] After the suture loop 32 has been adequately secured

on the captured tissue 8 of the posterior leaflet 2 , the

device 10 may be withdrawn from the patient. As a first step,

the grasping wire 22 and the containment tube 20 may be

disengaged from the posterior leaflet 2 by moving the grasping

wire dxstally to release it from contact with the posterior

leaflet. Then, the grasping wire 22 may be retracted

proximally into the containment tube 20, causing the grasping

wire to straighten as it does so. The catheter assembly 12

may subsequently be withdrawn from the patient through the

apex of the heart. The procedure described above may be

repeated to apply one or more additional sutures onto the same

posterior leaflet 2 .



[0058] An alternative embodiment of a capture tool in the

form of a grasping wire 122 that is longitudinally slidable

within a containment tube 120 that is suitable for use in the

device 10 is shown in FIGS. 4Ά and 4B. The grasping wire 122

and the containment tube 120 are similar to the grasping wire

22 and the containment tube 20 described above, but they

include an alternate arrangement. Rather than being

configured to capture tissue between a lower surface of the

grasping wire and an upper surface of the containment tube,

the grasping wire 122 and the containment tube 120 are

configured to capture tissue between a lower surface 127 of

the containment tube and an upper surface 128 of the grasping

wire .

[0059] The grasping wire 122 is longitudinally slidable

within the containment tube 120 between a retracted position

substantially entirely within the lumen of the containment

tube, and a deployed position in which a distal portion 123 of

the grasping wire protrudes from a slot 125 extending

proximally from a bend 12 6 in the containment tube when the

containment tube is in the deployed position. The grasping

wire 122 has a laterally projecting tab 129 on its distal end

that prevents the distal portion 123 of the grasping wire from

being fully withdrawn into the lumen of the containment tube

120. As such, the tab 129 ensures that the distal portion 123

of the grasping wire extends through the slot 125 when

deployed, rather than through the distal portion 121 of the

containment tube 12 0 .

[0060] The grasping wire 122 and the containment tube 120

may be used for transcatheter gathering of heart valve leaflet

tissue in a manner similar to the grasping wire 22 and the

containment tube 20 described above, except that the distal

portion 121 of the containment tube 120 may be positioned

above the target portion of the posterior leaflet 2 to be

captured, while the distal portion 123 of the grasping wire



122 may be positioned below the target portion of the

posterior leaflet to be captured. The user may capture the

target portion of the posterior leaflet 2 by moving the

grasping wire 122 distally until the target leaflet portion is

sandwiched between the upper surface 128 of the distal portion

123 of the grasping wire and the lower surface 127 of the

distal portion 121 of the containment tube 120.

[0061] Another embodiment of a capture tool suitable for

use in the device 10 is shown in FIGS. 5A and 5B. A

containment tube 220 is disposed within the outer tube 16 and

is longitudinally slidable therein between a retracted

position within the lumen of the outer tube and a deployed

position in which a distal end 221 of the containment tube

protrudes distally beyond the distal end 17 of the outer tube.

A needle 222 is longitudinally slidable within the containment

tube 220 between a retracted position substantially entirely

within the lumen of the containment tube, and a deployed

position in which a tapered distal end 223 of the needle

protrudes from the distal end 221 of the containment tube.

[0062] A resorbable anchor 240 has a retracted position

within the needle 222 and a deployed position outside the

needle. The anchor 240 may have a thickness T between its top

surface 241 and bottom surface 242 that is equal to or

slightly smaller than the diameter of the lumen of the needle

222. The anchor 240 may be deployed from the retracted

position with the needle 222 by increasing the pressure within

the needle, using pressurized saline, for example, so that an

expelling force applied to the anchor is greater than the

frictional forces holding the anchor in place. A suture 245

is joined to substantially the geometric center of the bottom

surface 242 of the anchor 240, such that the anchor can pivot

with respect to the suture. A free end of the suture 245

extends proximally through the needle 222, the containment



tube 220, and the outer tube 16 to a proximal portion of the

device 10 (not shown), where it may be grasped by the user.

[0063] The needle 222 and the anchor 240 may be used to

capture heart valve leaflet tissue by inserting the distal

portion of the catheter assembly into a patient as described

above so that the distal end 17 of the outer tube 16 may be

disposed near the coaption line of the mitral valve. The

containment tube 220 may be deployed by sliding the distal end

221 thereof beyond the distal end 17 of the outer tube 16.

The deployed containment tube 220 may be guided such that its

distal end 221 contacts a lower surface 9a of the posterior

leaflet 2 in a target region thereof.

[0064] Next, the needle 222 may be deployed by sliding the

needle distally out of the containment tube 220, such that the

tapered distal end 223 of the needle pierces the posterior

leaflet 2 and extends therethrough to an upper surface 9b of

the leaflet. The anchor 240 may then be deployed from the

needle 222 by increasing the pressure within the needle using

pressurized saline. With the anchor 240 ejected, the needle

222 may be withdrawn from the posterior leaflet 2 and

retracted into the containment tube 220, leaving the anchor

adjacent the upper surface 9b of the leaflet and the suture

245 extending through the opening in the leaflet created by

the needle. The suture 245 may then be pulled proximally by

the user until the bottom surface 242 of the anchor 240

contacts the upper surface 9b of the leaflet.

[0065] The user may then slide the containment tube 220

proximally to the retracted position within the lumen of the

outer tube 16, thereby drawing the anchor 240 proximally, and

with it the posterior leaflet 2 , until a portion 8 of the

posterior leaflet is drawn into the open end of the outer tube

and through the suture loop 32 . After the suture loop 32 has

been adequately tightened around the captured tissue 8 of the

posterior leaflet 2 as described above, the suture 245 may be



detached from the anchor 240, for example, by pulling the

suture proximally until it is torn from the bottom surface 242

of the anchor, or by cutting the suture using a cutting

mechanism, such as the cutting tube 38 described above. The

entire device may then be removed from the patient, and the

anchor 240 that is left in the captured tissue of the

posterior leaflet 2 may be resorbed over time.

[0066] An alternative embodiment of a capture tool in the

form of a balloon 340 that is deployable from the needle 222

shown in FIG. 5A is shown in FIG. 5C. Similar to the anchor

240, the balloon 340 has a retracted position within the

needle 222 and a deployed position outside of the needle. The

balloon 340 may have a stem 343 having a first width l, and a

distal portion 344 that is expandable to a second width W2

greater than the first width. A rigid wire 345 may extend

proximally within the balloon from a distal tip 341 of the

balloon, through the outer tube 16, to a proximal portion of

the device 10 (not shown) , where it may be grasped by the

user .

[0067] The needle 222 and the balloon 340 may be used for

capturing heart valve leaflet tissue by inserting the distal

portion of the catheter assembly into a patient and deploying

the needle to pierce a target portion of the posterior leaflet

2 as described above with reference to the device of FIGS. 5A

and 5B. Once the tapered distal end 223 of the needle 222

extends through the posterior leaflet 2 , the balloon 340 may

be deployed from the needle by moving the rigid wire 345

distally relative to the needle. The distal portion 344 of

the balloon 340 may then be inflated, for example, using a

source of pressurized helium or saline. When the balloon 340

has been inflated such that the distal portion 344 defines a

lower surface 342 facing the upper surface 9b of the posterior

leaflet 2 , the needle 222 may be withdrawn from the posterior

leaflet 2 and retracted into the containment tube 220, leaving



the distal portion of the balloon adjacent the upper surface

of the leaflet and the stem 343 of the balloon extending

through the opening in the leaflet created by the needle. The

rigid wire 345 may then be pulled proximally by the user so

that the lower surface 342 of the balloon is moved into

contact with the upper surface 9b of the leaflet.

[0068] The user may then slide the containment tube 220

proximally to the retracted position within the lumen of the

outer tube 16, thereby pulling the balloon 340 and the

posterior leaflet 2 proximally. The posterior leaflet 2 is

pulled proximally until a portion 8 thereof is drawn into the

open end of the outer tube 16 and through the suture loop 32.

After the suture loop 32 has been adequately tightened around

the captured tissue 8 of the posterior leaflet 2 as described

above, the balloon 340 may be deflated to collapse the distal

portion 344 thereof and may be withdrawn from the leaflet.

This may be accomplished by pulling the rigid wire 345

proximally until the distal portion of the balloon passes

through the leaflet and the balloon is moved back to the

retracted position within the needle 222. Subsequently, the

entire device may be removed from the patient.

[0069] Another alternative embodiment of a capture tool is

shown in FIG. 5D. The capture tool of FIG. 5D includes a wire

basket 440 that, similar to the balloon 340, has a retracted

position within the needle 222 and a deployed position outside

of the needle. The wire basket 440 may have a stem 443 that

has a width W3, and a distal portion 444 that is expandable

from a substantially linear configuration with a first width

W3 to a second width W4 greater than the first width. The

stem 443 may extend through the outer tube 16 to a proximal

portion of the device 10, where it can be grasped by the user.

A suture or wire 445 may extend proximally from the distal tip

441 of the wire basket, through the outer tube 16, to a free



end at a proximal portion of the device 10 (not shown) , where

it may be grasped by the user.

[0070] The wire basket 440 may be biased to a linear

configuration having the first width W3, so that the wire

basket may be fully retracted within the needle 222. The wire

basket 440 may have thinned or weakened portions that enable

the distal portion 444 of the wire basket to be moved into a

basket shape when deployed from the needle 222 and when the

suture 445 is pulled proximally. In that regard, the wire

basket 440 may be formed from a memory metal or a strong,

resilient metal or polymer that will form the basket shape

when the suture 445 is pulled proximally and that will return

to the linear configuration when the suture is released. In a

variant hereof, the distal portion 444 may form the basket

shape automatically when deployed from the needle 222, without

the need to pull on the suture 445, and the distal portion may

collapse to the linear configuration as it is retracted into

the needle.

[0071] The needle 222 and the wire basket 440 may be used

to capture heart valve leaflet tissue by inserting the distal

portion of the catheter assembly into a patient and deploying

the needle to pierce a target portion of the posterior leaflet

2 as described above with reference to the device of FIGS. 5A

and 5B. Once the tapered distal end 223 of needle 222 extends

through the posterior leaflet 2 , the wire basket 440 may be

deployed from the needle by sliding the wire basket distally

relative to the needle 222. When the distal portion 444 of

the wire basket 440 has been ejected from the needle 222, it

may be expanded by pulling the free end of the suture 445 in a

proximal direction, such that the distal tip 441 of the wire

basket is pulled proximally toward the needle. When the wire

basket 440 has been expanded such that the distal portion 444

defines a lower surface 442 facing the upper surface 9b of the

posterior leaflet 2 , the needle 222 may be withdrawn from the



posterior leaflet 2 and retracted into the containment tube

220, leaving the distal portion of the wire basket adjacent

the upper surface of the leaflet and the stem 443 of the wire

basket extending through the opening in the leaflet created by

the needle. The proximal end of the wire basket 440 may then

be pulled proximally by the user so that the lower surface 442

of the wire basket is moved into contact with the upper

surface 9b of the leaflet.

[0072] The user may then slide the containment tube 220

proximally to the retracted position within the lumen of the

outer tube 16, thereby pulling the wire basket 440 and the

posterior leaflet 2 proximally. The posterior leaflet 2 is

pulled proximally until a portion 8 thereof is drawn into the

open end of the outer tube 16 and through the suture loop 32.

After the suture loop 32 has been adequately tightened around

the captured tissue 8 of the posterior leaflet 2 as described

above, the suture 445 may be released, whereupon the bias of

the wire basket 440 returns the distal portion 444 thereof to

a linear configuration. The wire basket 440 may then be

withdrawn from the leaflet by pulling the proximal end of the

wire basket proximally until the distal portion of the wire

basket passes through the leaflet and the wire basket is moved

back to the retracted position within the needle 222. The

entire device may subsequently be removed from the patient.

[0073] Yet another embodiment of a capture tool is shown in

FIGS. 5E and 5F. The capture tool of these figures includes a

polypropylene frame 540 with a similar structure and the same

function as the wire basket 440 described above. The frame

540 may have a stem 543 with a width W5, and a distal portion

544 that is expandable from a substantially linear

configuration with a first width W5 to a second width W 6

greater than the first width. The frame 540 may have thinned

or weakened portions, shown in the form of living hinges 549,

which enable the distal portion 544 of the frame to be moved



from the substantially linear configuration to the expanded

configuration when deployed from the needle 222. A suture or

wire 545 extending proximally from the distal tip 541 of the

frame 540 may be pulled proximally to facilitate the movement

of the frame from the substantially linear configuration to

the expanded configuration. The frame 540 may be biased so

that, when the suture 545 is released, the frame returns to

the substantially linear configuration.

[0074] A further embodiment of a capture tool is shown in

FIG. 6 . The capture tool of FIG. 6 includes a needle 622

longitudinally slidable within the containment tube 220

between a retracted position substantially entirely within the

lumen of the containment tube, and a deployed position in

which a tapered distal end 623 of the needle protrudes from

the distal end 221 of the containment tube. The needle 622

has a channel 624 extending inwardly and distally from a side

thereof. The channel 624 defines a proximally-f acing barb 625

at a spaced distance from the distal end 623 of the

needle 622. The barb 625 may be aligned with the outer

diameter of the needle 622, as shown in FIG. 6 , or may

protrude laterally beyond the outer diameter of the needle to

make it easier for the barb to grasp leaflet tissue, such that

the distal portion of the needle containing the barb would

have a greater diameter than the portion of the needle

proximal of the barb.

[0075] The needle 622 may be used to capture heart valve

leaflet tissue by inserting the distal portion of the catheter

assembly into a patient and deploying the needle to pierce a

target portion of the posterior leaflet 2 as described above

with reference to the device of FIGS. 5A and 5B. Once the

tapered distal end 623 of the needle 622 extends through the

posterior leaflet 2 sufficiently for the barb 625 to be

exposed at the upper surface 9b of the leaflet, the needle 622



may be moved proximally until the barb engages into a portion

of the upper surface of the leaflet.

[0076] Rather than piercing the posterior leaflet 2 with

the needle 622, the needle may be placed between the posterior

and anterior leaflets, and the needle may be deployed dxstally

so that the barb 625 is located distally of the upper surface

9b of the leaflet and faces toward the posterior side of the

annulus . The needle 622 may then be moved proximally until

the barb engages into a portion of the upper surface 9b of the

leaflet 2 . In a design wherein the needle 622 is not intended

to pierce the leaflet 2 , the distal end of the needle may be

rounded to avoid cutting or piercing of the leaflet as the

needle is deployed distally.

[0077] With the barb 625 of the needle 622 engaged in the

upper surface of the leaflet 2 , the user may slide the

containment tube 220 proximally to the retracted position

within the lumen of the outer tube 16, thereby pulling the

needle and the posterior leaflet proximally until a captured

portion of the posterior leaflet is pulled into the outer tube

and through the suture loop 32. After the suture loop 32 has

been adequately tightened around the captured tissue 8 of the

posterior leaflet 2 as described above, the needle 622 may be

disengaged from the leaflet by further retracting the

containment tube 220 until the barb 625 tears through the

leaflet, allowing the distal end 623 of the needle 622 to pass

back through the leaflet and into the retracted position in

the containment tube. The entire device may then be removed

from the patient.

[0078] Yet another embodiment of a capture tool is shown in

FIG. 7 . The capture tool of FIG. 7 is in the form of a

grasping wire 722 that is deployable from the containment tube

220 shown in FIG. 5A. The grasping wire 722 is longitudinally

slidable within the containment tube 220 between a retracted

position substantially entirely within the lumen of the



containment tube, and a deployed position in which a distal

portion 723 of the grasping wire protrudes from the distal end

221 of the containment tube. Similar to the grasping wire 22

shown in FIG. 2 , the grasping wire 722 may have a linear

configuration when fully retracted within the containment tube

220, and the distal portion 723 thereof may assume an L-shape

when deployed from the containment tube. The distal portion

723 of the grasping wire 722 may have a lower surface 728 that

is roughened or knurled to increase the friction with a

captured posterior leaflet portion.

[0079] The containment tube 220 may also include a delivery

tube 740 extending therein from the distal end 221 of the

containment tube to a location at a proximal end of the

device 10. The delivery tube 740 may be configured to deliver

a bioadhesive 745 to the distal end 221 of the containment

tube 220 for application to the posterior leaflet 2 . The

distal end of the delivery tube 740 may be sealed with a

septum or other structure to prevent the bioadhesive from

curing before it is exposed to leaflet tissue. The septum or

other structure may be ruptured at the proper time to enable

the bioadhesive 745 to be dispensed from the delivery

tube 740.

[0080] The grasping wire 722 and the bioadhesive 745 may be

used for capturing heart valve leaflet tissue by inserting the

distal portion of the catheter assembly into a patient,

deploying the containment tube 220 from the outer tube 16, and

deploying the grasping wire from the containment tube so that

the distal portion 723 thereof assumes an L-shape. The

grasping wire 722 and the containment tube 220 may then be

positioned so that the distal portion 723 of the grasping wire

lies above the portion of the posterior leaflet 2 to be

captured, and the distal end 221 of the containment tube, and

therefore the distal end of the delivery tube 740, lies below

the target portion of the leaflet.



[0081] The user may then capture the target portion of the

posterior leaflet 2 by retracting the grasping wire 722

proximally within the containment tube 220 until a portion of

the posterior leaflet 2 is sandwiched between the grasping

wire and the distal end 221 of the containment tube. The

bioadhesive 745 may then be expelled from the delivery tube

740 onto the lower surface 9a of the posterior leaflet 2 , for

example, by inserting pressurized saline into the proximal end

of the delivery tube, activating a plunger, or the like.

After a few seconds, the bioadhesive 745 may be cured, thereby

temporarily affixing the captured leaflet tissue to the distal

end of the delivery tube 740.

[0082] With the bioadhesive 745 applied to the posterior

leaflet 2 , the user may slide the containment tube 220

proximally to the retracted position within the lumen of the

outer tube 16, pulling a captured portion 8 of the posterior

leaflet 2 into the outer tube 16 and through the suture loop

32. After the suture loop 32 has been adequately tightened

around the captured tissue 8 of the posterior leaflet 2 as

described above, the delivery tube 740 may be disengaged from

the leaflet, for example, by rotating the delivery tube about

its longitudinal axis until the delivery tube detaches from

the lower surface 9a of the posterior leaflet. Such

detachment can be made easier if the bioadhesive 745 is

selected to be weaker in shear than in tension, such that the

posterior leaflet 2 does not detach from the delivery tube 740

until the rotation of the delivery tube applies sufficient

shearing force to the leaflet. The grasping wire 722 may then

be retracted into the containment tube 220, and the entire

device may be removed from the patient.

[0083] In a variant of the embodiment described with

reference to FIG. 7 , the delivery tube 740 may be omitted, and

the bioadhesive 745 may be expelled onto the upper surface 9b

of the posterior leaflet 2 from an opening in the lower



surface 728 of the distal portion 723 of the grasping

wire 722. In another variant, the delivery tube 740 may be

omitted, and the bioadhesive 745 may be expelled onto the

lower surface 9a of the posterior leaflet 2 from an opening in

the upper surface 727 of the distal portion 723 of the

grasping wire 722. In yet another variant, the containment

tube 220 may also have a vacuum tube disposed adjacent the

delivery tube 740. While the target portion of the posterior

leaflet 2 is being sandwiched between the grasping wire 722

and the distal end 221 of the containment tube 220, the distal

end of such vacuum tube can be disposed adjacent the lower

surface 9a of the posterior leaflet, and a vacuum can be

applied to pull the leaflet more tightly against the distal

end of the containment tube for application of the bioadhesive

745 to the leaflet.

[0084] FIGS. 8A-8C show an alternative embodiment of a

tissue securing component in the form of a clip 830 that is

configured to be applied around a captured portion 8 of the

posterior leaflet 2 . The clip 830 may be used in place of the

suture 30 and suture loop 32 described above. The clip 830

may be made of a memory metal and may be biased to curl into a

substantially round configuration (FIG. 8C) when deployed from

the outer tube 16. A prong 832 at each end of the clip 830

may be configured to become embedded in the leaflet tissue

when the clip is deployed. One or more clips 830 may be

disposed in an open configuration around the outer surface 19

of the outer tube 16 adjacent the distal end 17 thereof. The

outer tube 16 may be slidably disposed in a deployment tube

850 with a tight clearance, such that the clip 830 will

interfere with the distal end 852 of the deployment tube as

the deployment tube is moved toward the distal end 17 of the

outer tube.

[0085] The clip 830 and the deployment tube 850 may be used

to secure heart valve leaflet tissue by first inserting the



distal portion of the device 810 into a patient, and then

deploying any one of the tissue capturing embodiments

described above to capture a portion of the posterior leaflet

2 within the outer tube 16. The user may then push the

deployment tube 850 distally until the distal end 852 thereof

contacts the clip 830 and pushes it in a distal direction off

of the distal end 17 of the outer tube 16. As the clip 830 is

released from the outer tube 16, it will collapse to a

substantially round configuration according to its bias, and

the two prongs 832 of the clip will become embedded in the

captured tissue 8 of the posterior leaflet 2 , thereby securing

the tissue. If a plurality of clips 830 are disposed adjacent

one another at the distal end 17 of the outer tube 16,

additional clips can be deployed onto the posterior leaflet 2

by continuing to move the deployment tube 850 distally until

each additional clip is pushed off of the outer tube as

desired .

[0086] An alternative embodiment of a capture tool suitable

for use in a device 910 similar to the device 810 of FIG. 8A

is shown in FIGS. 9A-9C. The capture tool includes a grasping

wire 922 that is longitudinally slidable within a containment

tube 920 between a retracted position in which a distal

portion 923 of the grasping wire is substantially entirely

within the lumen of the containment tube, and a deployed

position in which the distal portion of the grasping wire

protrudes from the distal end 921 of the containment tube. At

its proximal end, the grasping wire 922 may extend to a handle

(not shown) of the device 910, at which it may be operated by

a user of the device.

[0087] The grasping wire 922 may have a substantially

linear configuration when fully retracted within the

containment tube 920, and the distal portion 923 thereof may

assume a hook shape when deployed from the containment tube,

while the proximal portion 927 thereof remains in the



substantially linear configuration. In that regard, the

grasping wire 922 may be formed from a shape memory material,

such as a memory metal or a strong, resilient metal or polymer

that will cause the hook to form automatically when deployed.

The distal free end of the grasping wire 922 may have an

atraumatic tip 92 6 to help prevent the grasping wire from

piercing or tearing the leaflet tissue. The atraumatic tip

92 6 may be a ball-shaped element formed on or attached to the

distal free end of the grasping wire 922, as shown in FIGS. 9A

and 9B. Alternatively, the atraumatic tip 926 may be a coiled

portion of the distal portion 923 of the grasping wire.

[0088] When the distal portion 923 of the grasping wire 922

is deployed from the containment tube 920 and assumes a hook

shape, the distal portion may include a curved portion 924

adjacent the proximal portion and a straight portion 925 that

extends in a proximal direction from the curved portion to the

distal free end of the grasping wire. The straight portion

925 may have a length L2 between the curved portion 924 and

the distal free end of the grasping wire. L2 may be any

length, depending on how much tissue is desired to be captured

and secured, including, for example, about 10 mm to about 15

mm. The straight portion 925 of the grasping wire may be

oriented substantially parallel to the proximal portion 927,

as shown in FIG. 9B. Alternatively, the straight portion 925

of the grasping wire may be oriented at an acute angle

relative to the proximal portion 927. The curved portion 924

may extend from the proximal portion 927 across a lateral

distance D2 approximately equal to the radius of the outer

tube 916, so that when the straight portion 925 is inserted

into the outer tube, the distal free end of the grasping wire

may be located at or close to the longitudinal axis of the

outer tube.

[0089] The device 910 has an outer tube 916 that is the

same as the outer tube 16 shown in FIG. 3 . The containment



tube 920 extends along the outside surface of the outer tube

916 between the distal end 917 of the outer tube and a handle

(not shown) at a proximal end of the device 910.

Alternatively, the containment tube 920 may extend along the

outside surface of the outer tube 916 between the distal end

917 of the outer tube and an aperture (not shown) extending

through the outer tube. A proximal portion of the grasping

wire 922 may extend within the outer tube 916 between the

aperture and a handle at a proximal end of the device 910. In

embodiments having such an aperture configured to receive a

proximal portion of the grasping wire 922, the containment

tube 920 may have a length that is sufficient for the distal

portion 923 of the grasping wire to be entirely retracted

therein in a linear shape.

[0090] The device 910 may be used to deploy one or more of

the same clips 830 as are deployed by device 810, except that

the clips 830 may be assembled on the outer tube 916 of the

device 910 so that the prongs 852 of the clips are located on

opposite sides of the containment tube 92 0 . In this manner,

the containment tube 920 will not interfere with the movement

of the clips 830 along the outer tube 816 or the deployment of

the clips therefrom. The outer tube 916 may be slidably

disposed in a deployment tube 950 with a tight clearance, such

that the clips 830 will interfere with the distal end 952 of

the deployment tube as the deployment tube is moved toward the

distal end 917 of the outer tube. The deployment tube 950 may

have a longitudinal slot 954 or opening extending proximally

from the distal end 952 thereof for accommodating the

containment tube 92 0 .

[0091] The device 910 may be used to secure heart valve

leaflet tissue, such as tissue of the posterior leaflet 2 , by

first inserting the distal portion of the catheter assembly

into a patient, so that the distal end 917 of the outer tube

916 is disposed near the coaption line 5 of the mitral valve



1 , with the containment tube 920 and the grasping wire 22

positioned farthest from the posterior leaflet.

[0092] Once the outer tube 916 has been properly

positioned, the grasping wire 922 may be deployed by operating

the proximal end thereof to slide the distal portion 923 out

of the distal end 921 of the containment tube 920. No longer

being constrained by the containment tube 920, the distal

portion 923 of the grasping wire 922 may assume a hook shape

that extends above the target portion of the posterior leaflet

2 to be captured. Subsequently, the user may capture the

target portion of the posterior leaflet 2 by partially

retracting the grasping wire 922 until the target leaflet

portion 8 is pushed into the outer tube 916, as shown in

FIG. 9B.

[0093] The deployment tube 950 and one or more of the clips

830 may be used to secure the captured heart valve leaflet

tissue in the same manner as described above with respect to

the use of clips with the device 810. Alternatively, the

suture loop 32 shown in FIG. 3 may be used in place of the

clips 830 to secure heart valve leaflet tissue that has been

captured by the grasping wire 922. Once the captured tissue

has been secured, the grasping wire 922 may be retracted into

the containment tube 92 0 , and the entire device 910 may be

removed from the patient.

[0094] Although the distal portion 923 of the grasping wire

922 is described above as assuming a hook shape only when

deployed from the containment tube 920, the distal portion of

the grasping wire may alternatively be made from a non-shape

memory material, and such a distal portion may have an initial

configuration located outside of the containment tube and

having a hook shape, such that most of the straight portion

925 is initially disposed inside of the outer tube 916 as

shown in FIG. 9B. In this variant, the distal portion 923 of

the grasping wire 922 can be deployed by sliding the proximal



portion 927 of the grasping wire out of the containment tube

920 until the distal portion extends above the target portion

of the posterior leaflet 2 to be captured. The user may

subsequently capture the target portion of the posterior

leaflet by partially retracting the grasping wire until the

target leaflet portion 8 is pushed into the outer tube 916.

One or more of the clips 830 may be deployed from the outer

tube 916 to secure the captured leaflet portion 8 as described

above .

[0095] In the foregoing, particular structures have been

described that are adapted to gather, secure, and repair heart

valve leaflet tissue. The invention also contemplates the use

of any alternative structures for such purposes, including

structures having different lengths, shapes, and

configurations .

[0096] Although the various gathering devices have been

described herein in connection with tightening the posterior

leaflet of a mitral valve, all of these devices may be used on

other heart valve leaflets, such as the anterior leaflet of

the mitral valve, or on any other tissue of the body for which

a reduction in the length of the tissue would be beneficial.

[0097] Although the invention herein has been described

with reference to particular embodiments in which the catheter

assembly is inserted into the patient through the apex of the

heart (i.e., transapical insertion), it is to be understood

that the invention contemplates embodiments in which the

catheter assembly extends through a portion of the vasculature

of the patient to reach the heart, for example, through a

transfemoral or subclavian artery, or using a transseptal

procedure. Any other percutaneous technique for accessing the

interior of the heart may also be used. In such embodiments,

some of the device components may have to be oriented in a

different direction to that described herein. For example,

the invention contemplates embodiments in which the distal



portion of the catheter assembly approaches the mitral valve

from the upstream side as well as from the downstream side of

the valve .

[0098] Although the invention herein has been described

with reference to particular embodiments, it is to be

understood that these embodiments are merely illustrative of

the principles and applications of the present invention. It

is therefore to be understood that numerous modifications may

be made to the illustrative embodiments and that other

arrangements may be devised without departing from the spirit

and scope of the present invention as defined by the appended

claims .

[0099] It will be appreciated that the various dependent

claims and the features set forth therein can be combined in

different ways than presented in the initial claims. It will

also be appreciated that the features described in connection

with individual embodiments may be shared with others of the

described embodiments.

INDUSTRIAL APPLICABILITY

[0100] The present invention enjoys wide industrial

applicability including, but not limited to, methods and

devices for gathering tissue in a patient.



CLAIMS

1 . A device for gathering tissue of a heart valve

leaflet, the device comprising:

an outer tube extending in an elongation direction;

a capture tool moveable in the outer tube between a

contained position and a use position, the capture tool

including a first element and a second element that are

moveable relative to one another in the elongation direction,

the first and second elements being operable to capture tissue

of the heart valve leaflet therebetween and to draw the

captured tissue into the outer tube in a gathered

configuration; and

a tissue securing component disposed at a distal end of

the outer tube and adapted to be applied to the captured

tissue to hold the captured tissue in the gathered

configuration .

2 . The device as claimed in claim 1 , wherein the first

element includes a containment tube having a proximal portion

and a distal portion, the containment tube being moveable

between a containment tube retracted position in which the

distal portion of the containment tube lies within the outer

tube, and a containment tube deployed position in which the

proximal portion of the containment tube extends substantially

in a linear direction and the distal portion of the

containment tube lies outside of the outer tube and extends at

an angle to the linear direction.

3 . The device as claimed in claim 2 , wherein the second

element includes a grasping wire having a proximal portion and

a distal portion, the grasping wire being moveable between a

grasping wire retracted position in which the distal portion

of the grasping wire lies within the containment tube, and a

grasping wire deployed position in which the proximal portion

of the grasping wire extends substantially in the linear

direction and the distal portion of the grasping wire lies



outside of the containment tube and extends at an angle to the

linear direction.

4 . The device as claimed in claim 3 , wherein the distal

portion of the grasping wire has a substantially linear shape

in the grasping wire retracted position.

5 . The device as claimed in claim 3 , wherein the

containment tube has a bend when in the containment tube

deployed position and an aperture located at the bend, and the

distal portion of the grasping wire is configured to extend

through the aperture when in the grasping wire deployed

position .

6 . The device as claimed in claim 3 , wherein the

containment tube has a bend when in the containment tube

deployed position and a slot extending proximally from the

bend, and the distal portion of the grasping wire is

configured to extend through the slot when in the grasping

wire deployed position.

7 . The device as claimed in claim 3 , wherein the distal

portion of at least one of the grasping wire and the

containment tube has a surface that is knurled or roughened.

8 . The device as claimed in claim 1 , further comprising

an adhesive delivery tube configured to deliver an adhesive to

the heart valve leaflet.

9 . The device as claimed in claim 1 , wherein the tissue

securing component is a suture having a looped portion at one

end thereof.

10. The device as claimed in claim 9 , wherein the looped

portion of the suture includes a locking knot configured to

slide along the suture in only one direction.

11. The device as claimed in claim 1 , wherein the tissue

securing component is a clip.



12. The device as claimed in claim 11, wherein the clip

is assembled in an expanded condition around the outer tube

and is biased to contract to a clamping condition when

deployed from the outer tube.

13. A device for gathering tissue of a heart valve

leaflet, the device comprising:

an outer tube extending in an elongation direction;

a capture tool moveable in the outer tube between a

contained position and a use position, the capture tool

including a needle element and a securing element, the needle

element being operable to penetrate tissue of the heart valve

leaflet, the securing element having a proximal surface

adapted to capture tissue of the heart valve leaflet, the

capture tool being operable to draw the captured tissue into

the outer tube in a gathered configuration; and

a tissue securing component disposed at a distal end of

the outer tube and adapted to be applied to the captured

tissue to hold the captured tissue in the gathered

configuration .

14. The device as claimed in claim 13, wherein the

securing element includes a resorbable anchor and a suture

extending from the proximal surface through the needle

element .

15. The device as claimed in claim 13, wherein the

securing element includes a barb on a distal portion of the

needle element.

16. The device as claimed in claim 13, wherein the

securing element includes an expandable element and an

actuation member extending from a distal tip of the expandable

element through the needle element, the expandable element

having a retracted position within the needle and a deployed

position outside of the needle.



17. The device as claimed in claim 16, wherein the

expandable element has a substantially linear configuration

with a first width in the retracted position and an expanded

configuration with a second width in the deployed position,

the second width being greater than the first width.

18. The device as claimed in claim 17, wherein the

expandable element is a balloon that is configured to be moved

from the retracted position to the deployed position by moving

the actuation member distally and inflating the balloon.

19. The device as claimed in claim 17, wherein the

expandable element is configured to expand from the first

width to the second width by moving the actuation member

proximally .

20. The device as claimed in claim 19, wherein the

expandable element is a wire basket.

21. The device as claimed in claim 19, wherein the

expandable element is a polypropylene frame.

22. The device as claimed in claim 13, wherein the

tissue securing component is a suture having a looped portion

at one end thereof.

23. The device as claimed in claim 22, wherein the

looped portion of the suture includes a locking knot

configured to slide along the suture in only one direction.

24. The device as claimed in claim 13, wherein the

tissue securing component is a clip.

25. The device as claimed in claim 24, wherein the clip

is assembled in an expanded condition around the outer tube

and is biased to contract to a clamping condition when

deployed from the outer tube.



26. A device for gathering tissue of a heart valve

leaflet, the device comprising:

an outer tube extending in an elongation direction;

a capture tool including a grasping wire moveable

relative to the outer tube in the elongation direction, the

grasping wire having a distal portion and proximal portion

extending substantially in a linear direction and located

outside of the outer tube, the grasping wire being moveable

between a grasping wire retracted position and a grasping wire

deployed position in which the distal portion of the grasping

wire lies outside of the outer tube and has a hook shape, the

grasping wire being operable to capture and draw tissue of the

heart valve leaflet into the outer tube in a gathered

configuration; and

a tissue securing component disposed at a distal end of

the outer tube and adapted to be applied to the captured

tissue to hold the captured tissue in the gathered

configuration .

27. The device as claimed in claim 26, wherein, when the

grasping wire is in the grasping wire retracted position, the

distal portion of the grasping wire lies within a containment

tube operatively connected to the outer tube, and when the

grasping wire is in the grasping wire deployed position, the

distal portion of the grasping wire lies outside of the

containment tube .

28. The device as claimed in claim 26, wherein, when the

grasping wire is in the grasping wire deployed position, the

distal portion of the grasping has a curved portion adjacent

the proximal portion and a straight portion that extends in a

proximal direction substantially parallel to the linear

direction from the curved portion to a distal free end of the

grasping wire.

29. The device as claimed in claim 28, wherein the

straight portion has a length of about 10 mm to about 15 mm



between the curved portion and the distal free end of the

grasping wire.

30. The device as claimed in claim 26 , wherein a distal

free end of the grasping wire has an atraumatic tip.

31. The device as claimed in claim 26 , wherein the

tissue securing component is a suture having a looped portion

at one end thereof.

32. The device as claimed in claim 26 , wherein the

tissue securing component is a clip.

33. A transcatheter method of gathering tissue of a

heart valve leaflet, the method comprising:

inserting an elongated catheter assembly to a position

adjacent the heart valve leaflet, the catheter assembly

including an outer tube extending in an elongation direction

and a capture tool moveable in the outer tube between a

contained position and a use position;

moving the capture tool from the contained position to

the use position;

manipulating the catheter assembly so that tissue of the

heart valve leaflet is captured by the capture tool;

retracting the capture tool from the use position toward

the contained position to draw the captured tissue into the

outer tube in a gathered configuration; and

securing the captured tissue to hold the captured tissue

substantially in the gathered configuration.

34. The method as claimed in claim 33, wherein the

capture tool includes a containment tube and a grasping wire

slidably disposed within the containment tube, the grasping

wire having a proximal portion that extends substantially in a

linear direction and a distal portion, the method further

comprising sliding the distal portion of the grasping wire out

from the containment tube so that the distal portion of the

grasping wire extends at an angle to the linear direction.



35. The method as claimed in claim 34, wherein the

manipulating step includes clamping the tissue between the

grasping wire and the containment tube.

36. The method as claimed in claim 34, wherein the

manipulating step includes partially retracting a distal

portion of the grasping wire so that it contacts the tissue.

37. The method as claimed in claim 34, further

comprising applying an adhesive to a surface of the tissue

through the outer tube.

38. The method as claimed in claim 33, wherein the

capture tool includes a needle element and a securing element,

the method further comprising:

penetrating tissue of the heart valve leaflet with the

capture tool; and

engaging a surface of the heart valve leaflet with a

proximal surface of the securing element during the retracting

step .

39. The method as claimed in claim 38, wherein the

securing element includes an expandable element and an

actuation member extending from a distal tip of the expandable

element through the needle element, and the engaging step

includes expanding the expandable element from a substantially

linear configuration with a first width to an expanded

configuration with a second width, the second width being

greater than the first width.

40. The method as claimed in claim 39, wherein the

expandable element is a balloon, and the expanding step

includes moving the actuation member distally and inflating

the balloon.

41. The method as claimed in claim 39, wherein the

expandable element is a wire basket or a polypropylene frame,

and the expanding step includes moving the actuation member

proximally .



42. The method as claimed in claim 33, wherein the

tissue securing component is a suture having a looped portion

at one end thereof, the looped portion including a locking

knot, and the securing step includes sliding the locking knot

along the suture to tighten the looped portion around the

captured tissue.

43. The method as claimed in claim 33, wherein the

tissue securing component is a clip assembled in an expanded

condition around the outer tube and biased to contact to a

clamping condition, and the securing step includes deploying

the clip from the outer tube, whereupon the clip contracts to

the clamping condition around the captured tissue.
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